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Undoped and MgO-doped Ti02- and BaO-excess non- 
stoichiometric barium titanate (BaTi03) 

compns . were pressureless sintered using a conventional furnace and C02 
laser. High- temp, hexagonal BaTi03 was metastably retained to room temp, 
as revealed by both X-ray dif f ractometry and transmission electron 
microscopy. The sintered microstructure of the Ti02 -excess compn. is 
characterized by a bimodal grain size distribution contg. large plate-like 
grains. The microstructure of BaO-excess BaTi03 with MgO doping is 
characterized by large spherulitic grains with petals 1-2 mm long. 
Hexagonal phase retention in the undoped material is only obtained when 
quenching the laser- sintered BaO-excess powder. However, it 
occurs in both non- stoichiometric BaTi03 compns . with 

MgO doping, regardless of the sintering techniques. A possible mechanism 
for the hexagonal phase stabilization assocd. with oxygen vacancies is 
discussed. 
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ANSWER 1 OF 22 CAPLUS COPYRIGHT 2003 ACS on STN 
AB The domain behavior of f erroelec . materials was investigated by 
elec. fields such as poling field and bipolar pulse. Ferroelec. 
materials evaluated consist of lead zirconate titanate 
(PZT) , lead titanate (PT) , barium 

titanate (BT) , Bi-layer structured SrBi4Ti4015 (SBT) ceramics and 
Pb(Znl/3Nb2/3) 0.91Ti0.09O3 (PZNT) relaxor based 
single crystal. Changing the poling field (E) from 

O.fwdarw.+E.fwdarw.O.fwdarw. -E.fwdarw.O to +E, the electromech. coupling 
factor (k) , dielec. const, (.vepsiln.r) and frequency const, (fc) were 
measured. The min. k and .vepsiln.r were obtained at the same E because 
of the 180. degree, domain clamping. The E due to the domain clamping 
corresponded to the coercive field (Ec) detd. by the poling field 
dependence. At the Ec, the max. fc was confirmed in the cases of soft PZT 
(tetragonal and rhombohedral ) , hard PZT (tetragonal) , BT ceramics and PZNT 
single crystal. It was thought that the materials became mech. hard by 
the elec. attracting through the domain clamping ( .uparw. . dwnarw. ) . In 
hard PZT (rhombohedral) , PT, BT and SBT ceramics, the peak of .vepsiln.r 
and/or the min. fc were obsd. at an E, which corresponds to the threshold 
of domain rotations. At the E, the ceramics become mech. soft because of 
90. degree., 71. degree, or 109. degree, domain rotations. The effect of 
bipolar pulse will also be described. 
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AB Dilatometer based thermal expansion studies have been carried 

out on the starting oxide mixts. of some of the important relaxor 

ferroelec. compns . including lead iron niobate, 

lead magnesium niobate -lead titanate and 

lead zinc niobate -barium titanate. An 

anomalous thermal expansion behavior is obsd. between 550 and 650 
. degree. C corresponding to the onset of the solid state reaction. Further 
heating of the reaction mixt . resulted in a decrease in the dimension of 
the sample. From the complementary evidence of DTA, X-ray diffraction and 
SEM, it is shown that the initiation of solid state reaction results in 
the restructuring of the reacting grains to form the agglomerates of fine 
particles of reaction intermediates. This phenomenon is shown to be 
absent in the barium zinc niobate system where the pyrochlore 
intermediates do not exist. This novel dilatometric approach has been 
projected as a possible technique to identify optimum calcination temps, 
to produce sinter-active powders in the above oxide system, thereby help 
in reducing the sintering temps. 
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AB The domain structures of ferroelec. materials were investigated 

by measuring the poling field dependence of dielec. and 

piezoelec .properties . The ferroelec. materials evaluated are as 

follows: soft and hard lead zirconate titanate (PZT) 

ceramics with tetragonal and rhombohedral phases, lead 

titanate (PT) ceramics, barium titanate (BT) 

ceramics and a relaxor based single crystal of 

Pb(Znl/3Nb2/3) 0.91Ti0.09O3 (PZNT) . Changing the poling field (E) 
from 0 .fwdarw. +E .fwdarw. 0 .fwdarw. -E .fwdarw. 0 to +E, the 
electromech. coupling factor (kp, k33) , dielec. const, (.epsilon. r) and 
frequency const, (fc) were measured. The min. kp, k33 and epsilon. r 
were obtained at the same E because of the 180. degree, domain clamping. 
Further, the E due to the domain clamping corresponded to the coercive 
field (Ec) detd. by the poling field dependences. At the Ec, max. fc was 
confirmed in the cases of soft PZT (tetragonal and rhombohedral) and hard 
PZT (tetragonal) ceramics, BT ceramics and PZNT single crystal. It was 
thought that the materials became mech. hard by the elec. attracting 
through the domain clamping (.uparw. . gtorsim. . In hard PZT 
(rhombohedral) , PT and BT ceramics, the peak of .epsilon. r and/or min. fc 
were obsd. at an E, which corresponds to the threshold of 90. degree., 
71. degree, or 109. degree, domain rotations. 
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AB Paraelec. Ba (Znl/3Nb2/3 ) 03 (BZN) is realized as an implicit 
component in Pb (Znl/3Nb2/3) 03 -PbTi03 -BaTi03 

(PZN-PT-BT) , which decreases phase transition temp, and weakens dielec. 
properties. The dielec. behavior under high elec. field is investigated. 
Within the broad temp, range of the diffuse phase transition, PZN-PT-BT 
ceramics show highly induced polarization. An unusual linear relation of 
the polarization with elec. field is obsd. near the central portion of the 
hysteresis loops of some specimens, which are both temp, and compn. 
dependent. The obsd. ferroelec. properties may be understood 
using a model of PZN-based matrix contg. ferroelec. PT 
and paraelec. BZN nano-phase regions. 
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AB Electrostrictive strain x, DC-biased dielec. const. bK33, d.c. bias 
field-induced electromech. planar coupling factor bkp and piezoelec. 
strain coeff . bd31 of La, Bi, Sr and Nb modified PBZT and 
Ba-A-side doped PLZT compns . were studied and discussed. Some of 
the compns. with low hysteresis and small temp, coeffs. of the d.c. bias 
field-induced piezoelec. properties were developed. A ferroelec 
. phenomenol. theory for d.c. bias field-induced piezoelec. effect 
(effective piezoelec. effect) was developed and employed to reveal the 
relation between the instant and the effective piezoelec. properties of 
the materials. 
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AB The morphotropic phase boundary (MPB) in the relaxor 
ferroelec. Pb (Znl/3Nb2/303 ) -BaTi03- 

PbTi03 (PZN-BT-PT) system with 15 mol% BT was investigated through 
dielec. permittivity and high-temp. X-ray diffraction measurements. It 
was revealed that MPB is a broad compn. region extending from 12 to 18 
mol% PT, within which the temps, of the permittivity max. are close to the 
ending temps, for the phase transformation from coexisting rhombohedral 
and tetragonal phases to cubic phase on heating. When the specimen is 
cooled, the starting temps, for the rhombohedral -to- tetragonal phase 
transition increase with increasing PT content. The large thermal 
hysteresis obsd. by X-ray diffraction is caused by the phase 
transformation between rhombohedral and tetragonal phases. On cooling, 
the MPB curves toward the PT-rich side, so that ceramics within this 
compn. range undergo successive phase transitions from cubic to 
rhombohedral and from rhombohedral to tetragonal phase. The diffuseness 
of the paraelec . -to-f erroelec . phase transition is remarkably 
decreased by the addn. of PT. The enhanced dielec. permittivity peak 
values for the MPB compns. are correlated with the reduced lattice 
distortion and phase coexistence. 
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The cofiring characteristics of BaTi03 -modified silver-palladium 

alloys electrode and Pb-based relaxor 

ferroelec. ceramics were investigated. The results obtained 

showed that improved interfacial micros tructure , repressed interfacial 

chem. reactions, and nearly consistent shrinkage behaviors were achieved. 

A no-glass frit ceramic-modified electrode system was suggested on the 

basis of min. interfacial mismatch and satisfactory interfacial 

bonding. Reasonable explanations for this were given in view of phys . and 

chem. properties of BaTi03 and its chem. compatibility with 

Pb-based relaxor ferroelec. 

ceramics . 
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AB Switching current measurements have been carried out on relaxor 
ferroelec. single-crystal, pure PZN, and the solid soln. (1 - x) 
Pb(Znl/3Nb2/3)03-x PbTi03 with x « 0.04, 0.09, 0.10. 
Measurements have been done for crystallog. directions [001] and 
all these compns. Switching times vs. the applied field showed 
the following. Pure PZN along [111] and 0 . 90PZN-0 . 10PT along [001], 
[111] showed an exponential dependence. Along [001], the PZN showed 
linear fit. For solid soln. single crystals 0 . 96PZN-0 . 04PT and 
0 . 91PZN-0 . 09PT, a linear fit was obtained for the reciprocal switch 
times vs. applied field for both directions. If we draw a 
parallel picture with the reported barium titanate 
data, it appears that the polarization reversal is controlled by 
nucleation along [111] spontaneous direction for PZN and [001] , [111] 
0 . 90PZN-0 . 10PT. The mobility of the reversed domains controls the 
reversal along [001] for PZN and the .solid soln. single crystals with 
rhombohedral compn. along [001] and [111] . The transient current curves 
showed two max. points for crystals with x = 0 . 04 and 0.09. This is 
attributed to the co-existence of the two phases in 0 . 96PZN-0 . 04PT and 
0 . 91PZN-0 . 09PT crystals. 
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AB The conditions of synthesis and sintering processes as well as dielec. 
properties of ceramics based on Pb (Mgl/3Nb2/3) 03 
(PMN)and solid solns . of this relaxor with normal 
ferroelecs. PbTi03 (PT) and BaTi03 (BT) were 

studied. Three kinds of ceramics: PMN, PMN-PT and PMN-PT-BT were 
obtained. Dielec. const, values of these materials were 12000 and 21000, 
resp. and Curie points -100, 400 and 00, resp. The PMN-PT-BT ceramics 
showed low temp, coeff. of capacitance. 
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AB Raman scattering can provide useful information about the behavior of the 
correlation function of the polarization and the degree of 
ferroelec. ordering (through Raman Selection Rules) in 
relaxor systems. These considerations are illustrated by results 
on La-modified lead zirconate titanate (PLZT) , 
Ti-modified lead magnesio-niobate (PMN-PT) and 
Zr-modified barium titanate (BTZ) . A new low temp. 

state in PLZT, demonstrated by Raman scattering and elec . properties 
expts., is reported and discussed. 
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AB A time -dependent, constitutive model is proposed for 
electrostrictive, relaxor ferroelec. materials. The 
model is based on Ising spin theory, and simulates stress, elec. 
field and temp, dependent phase transformations in a ceramic material. 
The resulting model is consistent with Devonshire's theory for temp, 
induced phase transformations, however it captures the non- linear satn. 
response characteristic of ferroelecs. driven by high fields. 
Elec. hysteresis occurs when bifurcations cause the soln. state to jump 
between stable branches. The model shows that these bifurcations depend 
on elec. field, stress and temp. This bifurcation approach differs 
significantly from phenomenol . models based on phase switching. 
A one -dimensional version of the constitutive model is used to predict- the 
induced strain and polarization as a non-linear function of applied field 
for a Lead Magnesium Niobate-Lead Titanate- 
Barium Titanate (PMN-PT-BT) ceramic. The results are 
compared with expts. at various temps. 
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AB A 2:1 multiplexed two-dimensional array has been developed which has a 
sparse element pattern designed for real time volumetric imaging 
and a second element pattern designed for conventional B-mode imaging. 
For volumetric imaging a small aperture was used to provide a wide 
transmit beam, allowing multiple beams to be received simultaneously, 
larger aperture with a more narrow transmit beam was used for B-mode 
imaging to improve image quality when multiple receive beams were not 
required. The multiplexed transducer was fabricated using an 
electrostrictive relaxor ferroelec. material in which 
array elements were activated and deactivated by a DC bias field. 
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AB The relaxor ferroelec. ceramics in Pb 



(Znl/3Nb2/3)03-BaTi03-PbTi03 system were prepd. by 

mixed-sintering method. XRD studies revealed that the ceramics have 
dual-phase composite structure. The dielec. properties of the composite 
ceramics were studied, and the results showed that the temp, stability, 
the frequency stability and aging behavior are improved by the composite 
structure. 
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AB A review with 40 refs. Fundamental theories of f erroelectricity in 
perovskite compds . were reviewed. In section 1, the definitions of 
piezoelectricity, pyroelectricity and f erroelectricity was described 
according to the crystallog. point symmetry. Series of phase 
transformation in barium titanate was explained by the 

Devonshire's phenomenol . theory in section 2. In section 3, the Slater's 
theory was explained in order to consider the microscopic origin of 
f erroelectricity . The local elec. fields on constitutive ions were calcd. 
for barium titanate and lead 

titanate using Ewald method. A large elec. force worked on the 
oxide ions below the titanium ion in perovskite structure, and 
the direction of this force was consistent with the direction of 
displacement of. the oxide ions. This meant that a pos . feedback worked on 
the displaced ions. Slater's theory proposed that the large local field 
was the origin of f erroelectricity in perovskite structure. In section 4, 
fundamental aspects of the soft-mode theory was explained. The 
ferroelec. phase transformation was interpreted as a freezing of 
soft-mode at . GAMMA. -point in Brillouin zone in soft-mode theory. Some 
famous exptl. results of the soft-modes on perovskite compds. were 
presented, but for barium titanate, a clear exptl. 

evidence was not obsd. so far because of the over dumping phenomenon. In 
section 5, some models of relaxor f erroelecs . were 

introduced. The 1st Smolenskii's model assumed an inhomogeneity of chem. 

compn. in materials, but various features of relaxors could not 

be explained by this model. A model recently proposed by Tsurumi 

explained the dielec. properties of relaxors by assuming that 

the vol. of the polar micro region increased but the relaxation frequency 

of dipole fluctuation in the polar micro region decreased with decreasing 

temp. In section 6, unsolved problems in the f erroelectricity of 

barium titanate and other perovskite compds. were 

specified. 
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AB The effects of different thermal shock treatments on dielec. and elec. 



SOURCE 



properties of relaxor based and BaTi03 

based "0805" Y5V multilayer ceramic chip capacitors (MLCs) were 
investigated. It was found that thermal shock generally resulted in 
larger leakage currents and lower breakdown voltages. It is also 
confirmed that the thermal shock resistance of relaxor MLCs is 
in disadvantage to that of the barium titanate MLCs. 
Nevertheless, no obvious failure was found when the relaxor- 
based MLCs were subjected to the thermal effects in the normal IR 
solder reflow process. Besides the relatively lower mech. strength, low 
insulation resistivity and breakdown strength were also proposed to be 
important contributors to the undesirable reliability of relaxor 
MLCs. 
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AB Addn. to thermally activated flips of polar regions in relaxor 

ferroelecs., a new polarization mechanism, which originates from 

the vibrations (breathing) of the surface of polar regions, is introduced 

to explain the dielec . behavior of relaxor ferroelecs . 

This new mechanism plays an important role in the dielec. behavior of such 

materials at low temp. Based on the above assumption and 

general dielec. theory, a formula is given to characterize the temp. 

dependence of the dielec. const. The correctness of the formula is 

verified by using it to fit the exptl . results of the two typical 

relaxors. The fitted results show that the method is of high 

precision and that the temp, of the dielec. const, max. is decided by the 

two polarization behavior. It also indicates that the new polarization is 

a resonance polarization. 
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AB Compressive prestress effects on the elec. and mech. properties of 
relaxor f erroelec . materials were studied as a function 
of temp, for several formulations of Pb (Mgl/3 , Nb2/3 ) 03 - 
PbTi03-BaTi03 (PMN-PT-BT) ceramics. Exptl. measured 

polarization and strain, induced by an a.c. elec. field, decreased as 



compressive stress increased. Effective Young's moduli also were measured 
under const, d.c. elec. fields. A significant decrease in modulus was 
obsd. with increasing field. The prestress and modulus expts. were 
modeled anal, using a proposed relaxor ferroelec. 

constitutive law. In general, excellent agreement between the model and 
expts. was obtained, indicating that the model accurately predicted the 
coupled behavior of this relaxor ferroelec. material. 
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AB Evidence has been found that the relaxor ferroelec. 

bears strong resemblance to spin and dipolar glasses. The frequency 
dispersion of the temp, of the permittivity max., Tm, has been analyzed 
using the Vogel -Fulcher relationship. The difference between 
relaxor ferroelec. and glass is discussed. 

Based on this anal, a new relationship is introduced to analyze 
the frequency dispersion of the temp, of the permittivity max. The 
dielec. relation of solid soln. of 10 mol% lead titanate 
in lead magnesium niobate and La-modified lead zinc 
niobate-lead titanate -barium 

titanate are measured. The results were analyzed using the new 
relationship and Vogel-Fulcher relationship. These indicate that the new 
relationship: .omega. = . omega . 0EXP{ - (TO/Tm) p} is more suitable for 
relaxor f erroelecs . 
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AB Several electrostrictive materials were investigated as candidates for 
high-frequency transducer applications. Families investigated included 
(l-x)Pb(Mgl/3Nb2/3)03- (x) PbTi03 and PLZT 
relaxors, and Sr-and Sn- substituted BaTi03 normal 
f erroelecs. Field-dependent dielec, piezoelec. and elastic 
properties were characterized at frequencies between 100 kHz and 5 MHz. 
The large magnitude and E-field tunability of the electromech. and elastic 
properties obsd. in several of the materials may present opportunities for 
several new transducer applications, such as biomedical imaging and 
non-destructive evaluation. 
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Dielec, ferroelec. and elec. field-induced strain properties of 

(Pbl-xBax) (Zrl-yTiy) 03 ceramics with 0.15 .ltoreq. x .ltoreq. 
0.45 and 0.16 .ltoreq. y .ltoreq. 0.70 were studied. A wide range of 
compns. possessing relaxor phase characteristics was found to 
exist near the boundaries between the ferroelec. rhombohedral , 
tetragonal and paraelec. cubic phases. Within this compositional range, 
broadened peaks of dielec. const, as a function of both compn. and temp, 
were identified as well as slim loop hysteresis and frequency-dependent 
relaxation behavior. Longitudinal field-induced strain for some selected 
samples and transverse strain for all the compns. studied were detd. Max. 
total and differential strains were found in the vicinity of the 
rhombohedral -tetragonal phase boundary. Optimal values of the 
differential strain were close to (.apprx.80%) those found in PLZT 
ceramics. Inside the relaxor phase region the relation between 
the strain and elec. field (or polarization) was characteristic of 
electrostrictive effects. The electrostrictive coeffs., Qll 

(longitudinal) and Q12 (transverse) which relate the square of 
polarization to strain, were evaluated for several selected compns. 
relaxor characteristics. The values obtained are comparable to 
those discovered in other ferroelec. ceramics such as PLZT and 
PMN. 
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AB Relaxor ferroelecs. lead magnesium niobate 

(PMN) and lead zinc niobate (PZN) and their solid soln. with 

lead titanate (PT) and barium titanate 

(BT) were studied. Unlike lead magnesium niobate, the 

pyrochlore-f ree material for lead zinc niobate could not be 

prepd. by reaction between lead niobate and ZnO at 

<1000 . degree . . However, some improved compn. was obtained when 

lead zinc niobate (85%) and a mixt . of lead 

titanate (10%) and barium titanate (5%) 

sintered at 950. degree.. X-ray diffraction examn. of the samples revealed 
that the lead magnesium niobate prepd. contained 9.9% pyrochlore 



phase, whereas the solid soln. between 90% lead magnesium 
niobate and 10% lead titanate was completely free from 

the same phase. The dielec. const, for PZN-PT-BT (85:10:5) ternary system 
was 4 000, whereas the same for lead magnesium niobate and its 
solid soln. with 10% lead titanate was 4100 and 6000 

resp. The comparatively low value obtained for PZN-PT-BT solid soln. was 
probably due to the presence of appreciable amt . of pyrochlore phase. The 
grain diam. for PMN and PMN-PT (90:10) solid soln. was 1.37 .mu.M and 2.34 
mu.M resp. 
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AB The crit. exponent .gamma, in the relation between the dielec. const, and 
temp, (l/.epsilon. - l/.epsilon.m = C'-lx (T - Tm). gamma.) was detd. 
precisely for the relaxor f erroelecs . Pb 

(Mgl/3Nb2/3)03, Pb (Znl/3Nb2/3 ) 03 , and a related solid soln. 

0.88Pb(Znl/3Nb2/3)O3-0.12PbTiO3, as well as for normal f erroelecs 

. BaTi03 and K (TaO . 55NbO . 45 ) 03 . A high correlation of the 

. gamma . -value with the phase transition diffuseness was found empirically. 

Moreover, this . gamma . -value is very close to another crit. exponent 

.gamma.* which is defined in the relation between the dielec. const, and 

hydrostatic pressure (l/.epsilon. - l/.epsilon.m = C*-l(p - pm) . gamma .*) . 
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